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Avoiding Epimetheus: Planning Ahead for the
Commercial Development of Offshore
Methane Hydrates
by Roy Andrew Partain*
Introduction

Primer on Methane Hydrates

ethane from methane hydrates is a novel alternative
source of energy. Its extraction and production would
enable new energy supplies, revenues, water supplies
and other green solutions. However, its risks include damage to
oceanic biota, global climate stability, and inundation of coastal
communities. Additionally, there are substantial international
and transboundary social and political concerns to address. This
study attempts to identify key concerns and hazards so that the
development of offshore methane hydrates might be undertaken
in a sustainable character.
Globally, methane hydrates are expected to dwarf the global
supplies of traditional crude oil and conventional natural gas.
Ninety-nine percent of that global supply is expected to be stored
in offshore methane hydrates and much of those inventories will
belong to countries that have never been energy producers.
The potential for methane hydrates to provide the world with
a large source of methane supplies is countered with the potential
for those same volumes of methane to accidentally escape and
cause harm and injury.1 Additionally, methane hydrate deposits
can serve as sinks to store carbon dioxide; but that too provides
opportunity for risk and harm.
Those offshore volumes are located offshore in almost
every coastal state in the world. As diversely located as offshore
methane hydrates are, so too would be the potentially impacted
communities around the globe. This geographical diversity
means that offshore methane hydrates will be located within a
variety of legal settings, including both developed and developing countries.
The challenges of ensuring the sustainable character of
the impeding commercial development of offshore methane
hydrates will be difficult. Yet, unless those legal and policy challenges are met head-on, the identifiable risks might ripen into
harms that exceed the benefits ultimately received from those
developments.
This study attempts to identify central environmental and
social concerns related to the commercial development of offshore methane hydrates so that these concerns can be squarely
researched and addressed in anticipation of those developments.
Sustainability begins with planning ahead; now is the time to
begin planning for offshore methane hydrates.

The Rapid Development of Methane Hydrates as an
Energy Resource

M
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Despite the vast potential of offshore methane hydrates,
they remained largely unknown as an energy resource until
recently. It was not until the 1990s that methane hydrates were
broadly recognized as a potentially feasible energy source and
respondent research and development programs were initiated.2
The first international conference on methane hydrate extraction
was held in 1991.3 The first offshore methane hydrate well was
drilled in 1999.4 The first continuously flowing methane hydrate
well was tested in 2013.5 Thus, while hydrates are not recent
discoveries, it is not until very recent times that their potential as
an energy resource was identified.6
The engineering required to model and build safe and reliable methane hydrate extraction technologies has become quite
advanced.7 Soviet-era Russian scientists were the first to identify
naturally formed methane hydrates in permafrost areas8 and
offshore subsea.9 Due to those experiences and more recent well
testing, certain hydrate fields are known to be safely producible
with existing technology over long periods, if other conditions
are in place.10
The development of coal bed methane production technologies took approximately three decades to progress from discovery of potential to commercial feasibility and investment.11 It has
been suggested that the arc of development for methane hydrate
production technologies will follow a similar three decade progression.12 Furthermore, due to the strategic needs of countries
like Japan and South Korea to obtain local secure energy supplies, researchers in the Global Carbon Project forecast that
commercial methane hydrate investments would begin by 2020
and spread to fields globally by 2030.13 The head of methane
hydrate research for the United States Department of Energy
(“DOE”) stated that the production of methane from a narrow
class of methane hydrate deposits was already technically feasible back in 2005, and that the tailored application of existing
off-the-shelf technologies would enable commercial feasibility
for a broader range of deposits in the very near term.14 Given
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that the comment was made seven years ago, it is no surprise that
such feasibility is now in range.

Basic Science of Offshore Methane Hydrates
Methane hydrate deposits present a dense form of methane. The scientific literature refers to methane hydrates by
several names, including natural gas hydrates, clathrates, and
gas clathrates.15
In terms of energy content, methane hydrates as fully occupied hydrates contain 184,000 British thermal unit (“Btu”) per
cubic foot, in-between conventional natural gas at 1,150 Btu
per cubic foot and liquefied natural gas (“LNG”) at 430, 000
Btu per cubic foot.16 The disassociation of 1 m3 of methane
hydrates produces 170 m3 of methane at standard temperature
and pressure.17
There is an effective envelop for offshore methane hydrates;
low temperatures and high pressures favor their formation.18
Despite their icy or slushy appearance, methane hydrates are
stable in temperature ranges from negative five Celsius (“C”)
to positive thirty-four C, or twenty-three Fahrenheit (“F”) to
ninety-three F.19 The top of offshore methane hydrate formations
are commonly found at approximately 150m to 500m below the
seabed, although in equatorial waters that depth has been found
lower at 1000m.20 The envelope is generally limited to no deeper
than 1500m from the ocean’s surface, as ambient temperatures
rise with depth.21
Methane hydrate deposits can be characterized by their
production profiles. Simple fields contain almost exclusively
methane, with less than one percent of ethane and propane
and even more faint levels of butane and pentane.22 There are
a few complex fields, so far only in the Gulf of Mexico, that
display only about seventy percent methane, with large volumes
of ethane and propane, and presenting trace amounts of butane,
pentane, carbon dioxide and nitrogen.23

Hydrate deposits exhibit complex geometries with major
perturbations due to water flow, pressure and temperature
changes, and other factors.24 In subsea deposits, the most stable
methane hydrates are those highest in the reservoir with the most
unstable, and gaseous, at the bottom of the reservoir.25

Scale of the resource
There are only two sure things known about the global volumes of methane hydrates: there are a lot of methane hydrates
and there is a lot of uncertainty about exactly how much. Most
researchers simply state that the energy stored in methane
hydrates is at least as much as double the world’s conventional
fossil fuels.26
A quick review of global conventional natural gas is needed
to compare against offshore methane hydrate estimates. The
BP Statistical Review of World Energy estimated the current
world supply of proved reserves of natural gas, i.e. traditionally
supplied methane, at 187.3 Tcm, or 6614.1 Tcf,27 at the end of
2012.28 Another estimate for global conventional natural gas
supplies places their volumes at 150 Tcm.29 Englezos and Lee’s
research suggests a comparable number for traditional natural
gas reservoirs at 370 Tcm.30 At current levels of global production and consumption, this data would forecast a fifty-plus year
supply of conventional natural gas, ceteris paribus.31
Current estimates suggest that offshore methane hydrate
reserves dwarf conventional natural gas reserves. The U.S.’s
Methane Hydrate Research and Development Act included an
estimate of the world’s methane hydrate reserves that would
suggest that the world has over a hundred times more methane
hydrates than currently booked natural gas reserves.32 Walsh
estimated the volume of global methane hydrates at between
100,000 Tcf and 100,000,000 Tcf, or 2,800 Tcm to 2,800,000
Tcm.33 A consensus view reported by Englezos and Lee is
that the global store of methane hydrates holds approximately
20,500 Tcm of methane.34 They also state that any model that

Table 1: Comparative Estimates for Global Methane Hydrates

Scientist(s)

Tcm

Energy Source

BP Statistics

187

Natural Gas

Englezos and Lee

370

Natural Gas

Walsh–Low

2,800

Methane Hydrates

Chatti–Low

3,100

Methane Hydrates

Demirbas38

7,104

Methane Hydrates

Collett39

9,000

Methane Hydrates

Englezos and Lee–Low

10,000

Methane Hydrates

Englezos and Lee

20,500

Methane Hydrates

21,000

Methane Hydrates

24,000

Methane Hydrates

Englezos and Lee–High

40,000

Methane Hydrates

Sandler42

120,000

Methane Hydrates

Walsh–High

2,800,000

Methane Hydrates

Chatti–High

7,600,000

Methane Hydrates

Kvenholden and

MacDonald40

U.S. Methane Hydrate
Klauda
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uses a range from 10,000 Tcm to 40,000 Tcm should be considered reasonable.35
This scale of resource could impact energy markets for
the long term. Zhang et al. presented an assertion that there
are probably enough producible methane hydrates to provide
the whole world with sufficient energy supplies to last a millennium.36 Similarly, Englezos and Lee suggested a calculation
that if the annual global consumption of methane is 2.4 Tcm,
then the global inventory of methane hydrates could yield a millennium of methane as contrasted against the century’s worth of
traditional natural gas.37

Location of methane hydrates
Methane hydrates are primarily an offshore energy strategy.
While traditional oil and gas reservoirs have been found in fairly
limited areas, methane hydrates have been found on almost
every coastline and in most arctic regions.43 As of 2009, methane hydrates had been drilled and recovered from upwards of
two dozen countries in over 77 locations.44
Methane hydrates
primarily occur in two
geological formations,
in permafrost and under
subsea mud near coastlines.45 When methane
hydrates occur offshore,
they often form within
200 km of the coast,46
placing them generally
outside of territorial
waters (12 miles) 47 but
well within general limits
of exclusive economic
zones. (200 miles).48
Without intending
to overstate the point,
substantial deposits are located within the following zones: the
western shelf of Europe, including the EEZs of Spain, Ireland,
and the U.K; the Mediterranean Ocean, except parts of the
Adriatic, Tyrrhenian, and Aegean Seas; the whole west coast
of the Americas, from Alaska to Chile; the eastern coast of
North America. including the offshore areas of most Caribbean
islands; the coasts of Argentina, Uruguay and southeastern
Brazil; all of the coasts surrounding Africa, including the Red
Sea and Madagascar; everywhere near the South Asian peninsula, including large zones of the Arabian Sea and the Sea of
Bengal; areas offshore of South Korea, Japan, and the Russian
islands north of Japan including offshore Kamchatka; almost
all of the ASEAN waters, ocean, and seas; and the offshore of
Australia and New Zealand.
When contrasted against the more limited locations of crude
oil and traditional natural gas fields, the resource owners of
methane hydrates form a much larger proportion of the global
community, both developing and developed.

Extracting Offshore Methane Hydrates
The technology to produce offshore methane hydrates is
advancing rapidly. Japan drilled the first offshore well in 1999
and recently sustained the first successful continuous flow testing from an offshore well in 2013.49 As of 2008, test wells had
been drilled and produced from twenty-three locations, three in
permafrost and twenty from offshore.50 In the offshore wells,
experience has been accumulated in all phases of a methane
project’s life cycle. Wells have been drilled, cemented and made
viable, methane has been produced, processed and combusted,
and wells have been plugged and abandoned.51
There are three main technologies to produce and extract
methane hydrates: depressurization, thermal stimulation, and
inhibitor injection.52
Depressurization extracts methane from a hydrate formation by reducing the pressure level until the phase boundary of
the hydrate is breached, causing disassociation of the hydrate.53
This method found practice at the Siberian hydrate field of
Messoyhaka for several
decades. Most current
models prefer depressurization because it is
the most energy efficient
means of production,
because it can be applied
using current technologies, and because it can
be effective in long-term
operations.54
Thermal stimulation
directly confronts the
endothermic reaction of
hydrate decomposition
by heating the hydrates
inside their reservoir.55
Overall, the injection of hot water or steam into the reservoir
is foreseen as causing methane hydrate formation near the well
bore and frustrating extraction if there is not sufficient intragranular room for flow.56 Thus thermal stimulation is advised
primarily for secondary recovery.57 A supplementary technology for thermal injection technologies is to use horizontal
wells, wells that lay parallel to the mineral within its deposit.58
Cranganu has suggested that certain combinations of horizontal
wells plus injection of oxidized fuel gas into the hydrate layer
might reduce overall inefficiencies.59
Inhibitor injection disassociates methane gas from the
methane hydrate by injecting chemicals, e.g. methanol and glycol, which are known to prevent or inhibit the formation of the
icy crystals around the methane.60 As a primary extraction technology, however, large volumes of injectants would be required
which would be both costly to supply and create environmental
concerns of such injected volumes. As such, the inhibitor injection method is not expected for Class 1, 2, and 3 deposits.61
Safe offshore extraction of methane hydrates, even continuous and flowing extraction, has been achieved in practice; it is

“While the technologies of
green and renewable energies
develop, the production of
methane hydrates could
provide an earlier window of
opportunity to eliminate coal
and crude oil as fuel sources.”
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possible to extract safely. The risks can be managed, so long as
reasonably stable methane hydrate beds are chosen at the beginning. The ability to categorize the risks of disassociation and
their vectors of causation gives rise to hope, in that hydrate risks
can be characterized and hydrate disturbances can be measured,
thus the sources of the risks, hazards, and harms can be assayed
and monitored for potential impact on the deposits of offshore
methane hydrates.

Japanese researchers have investigated the potential to
combust the methane from the offshore methane hydrates onsite
to generate electricity; again the by-product carbon dioxide
could be sequestered and enable low-carbon electricity to arrive
onshore by electrical cables.75

Production of hydrogen fuel

Coal

27 kg/GJ

Hydrogen has been widely advocated as one of the cleanest
fuel sources because its combustion with oxygen yields simply
energy and water.76 Should hydrogen transportation systems be
sufficiently advanced, methane hydrates are likely one of the
main feedstock for that future.77
Via methane reforming, methane hydrates are a major
potential source of a global hydrogen fuel supply.78 Methane
reforming requires methane as a fuel and a feedstock along with
steam.79 Methane hydrates are unique in their coproduction of
fresh water and methane enabling hydrogen to be produced at
the point source.80 The chemical reaction is endothermic, requiring an energy input such as heat from combusted methane.81 The
resultant carbon by-products are suitable for re-injection into the
hydrate deposit.82

Crude Oil

21 kg/GJ

Co-production of fresh water

Methane

15 kg/GJ

Methane hydrates are composed primarily of water and
methane.83 While the primary focus in methane production is
the reduction of methane from the methane hydrates, there is a
tremendous volume of water involved that can be captured as a
by-product. The contrast between traditional gas wells, coal bed
methane wells and methane hydrate production is essentially a
sequence of vast differences.

Energy for Sustainability
Methane: More Green than Coal or Crude Oil
While the technologies of green and renewable energies
develop, the production of methane hydrates could provide an
earlier window of opportunity to eliminate coal and crude oil
as fuel sources. Methane produces fewer carbon emissions than
crude oil or coal.62
Table 2: Carbon Emissions from Energy Sources

Fuel Source

Carbon Emissions63

Methane hydrates provide a sweet, i.e. acid-free, natural gas
with few impurities.64 The overall environmental pollution from
the combustion of methane is of a comparatively low degree
when compared against the carbon dioxide and other harmful emissions from the combustion of coal, crude oil and less
clean forms of natural gas.65 The combustion of coal releases
significant pollution beyond greenhouse gases that can cause
substantial risk to human health. 66 Coal ash also contains surprisingly substantial quantities of radioactive materials, which
are carcinogenic.67
Methane hydrates provide the potential to extract methane,
combust that methane to electricity, and to re-sequester the produced carbon dioxide back into the hydrate formation.68

Carbon capture and sequestration (“CCS”)
The production of methane hydrates enables the potential
sequestration of other GHG in the methane-depleted hydrates.69
All of the main methods of extraction can be combined with the
sequestration of other gases into the hydrate lattice.70 Research
has focused on replacing methane with carbon dioxide to convert this fossil fuel extraction process into a carbon neutral or
carbon negative activity.71
The production of methane hydrates could fit hand-in-glove
with carbon capture systems/sequestration (“CCS”) technologies.72 For example, the German government’s SUGAR-Projekt
and its ECO2 project are designed with the goal of storing
industrially produced carbon dioxide in methane hydrate deposits; the methane extraction is seen as a cost-recovery feature.73
Additionally, it might be possible for the carbon dioxide byproducts to be returned to the reservoir when producing hydrogen fuel by methane reformation.74
Winter 2015

Table 3: Comparison of Produced Water Volumes

Type of Well
Conventional gas

10

Methane85

100

Hydrates86

1,000

Coal Bed
Methane

Bbls per Million scf
well84

Most models have associated the production of water as a
disposal cost.87 However, the water volumes could be marketed
as fresh water volumes suitable for agricultural or consumer uses.
Many of the coastal areas containing these offshore resources
are arid onshore. The water volumes could also be engaged in
carbon sequestration efforts as described above.

Replacement of LNG with GTS shipping
The technical understanding of methane hydrate formation and disassociation should enable a new and more energy
efficient means of methane storage and transportation. This new
form of methane transport has been called “Gas to Solids,” or
more simply GTS.88 A cost estimate study found that the costs of
shipping by LNG were ten-fold more expensive than the costs of
shipping by GTS.89 Based on this magnitude reduction in costs,
it was noted that many smaller isolated natural gas fields that
are not currently in development could be made commercially
feasible with this mode of transport.90
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Based on the emerging GTS technologies, methane hydrate
transportation systems could be completely ship-based, requiring
no local facilities other than methane feed-in pipes or offloading
pipes.91 The lower investment required for methane off-loading
should enable a broader and more efficient market in methane;
once extracted from the seabed, methane could be economically
transported by hydrate shipping in lieu of subsea pipelines.92
Mitsui Engineering & Shipbuilding Co., Ltd. built a pilot GTS
plant to convert natural gas into hydrate pellets that can be stored
at -15 C and loaded on-board a ship for transport. 93 In addition to the minimal investment in hydrate storage equipment, it
is also safer and easier to ship GTS, versus LNG, because the
hydrates can be kept stable for several weeks at only -10 to -20 C
at atmospheric pressures. 94

Environmental Challenges to Sustainability
For the development of offshore methane hydrates to
become sustainable, it must overcome several substantial environmental concerns. The production of methane from methane
hydrates will carry unique risks and hazards to the environment
not present with the production of traditional natural gas. As
seen in the Japanese environmental assessment,95 the commercial development of methane hydrates contains a mixture of
risks, those common to all offshore mining and those unique to
methane hydrates.96
The greatest unique environmental problem is the uncontrolled release of methane hydrates. There are many activities
that could lead to the onset of disassociation and that disassociation could occur in a variety of manners. Fast or slow, the uncontrolled release of methane is the primary risk to the environment
from developing methane hydrates.97

Subsea Seepage of Methane
As part of the Japanese team operating offshore production tests from methane hydrate deposits, Yabe et al. provided
a table of seventeen identified risk factors and likely impacts.98
Yabe’s chart provided sixteen basic events that could give rise to
environmental hazards, but only six types of hazards.99 The key
hazards identified by the Japanese team are impacts to marine
life, to fisheries, to aviary ecologies, to benthic ecologies, and
the broader scale items of tsunamis and anthropogenic climate
change. 100 A few of these items are unique to the production
of methane from methane hydrates: seafloor subsidence, submarine landslides, and the combined risks from a cracked methane
hydrate deposit bed.

Mechanism of Seabed Damages
Routine subsea mining risks are primarily related to the
building and operating of seabed infrastructure. The Yabe et al.
list of environmental impacts comes from a variety of exploration, development and early production activities.101 These
activities can impact the turbidity of the waters, cause re-suspension of sediments, and create a variety of seabed disturbances.102
Depending on the depth of the seabed, a variety of eco-systems
can be disrupted and damaged.103
20

Hazards of Dissolved Methane
Large amounts of methane could become dissolved into the
benthic waters and substantially impact sea life.104 While the
resource assets at that depth are well studied, the ecologies of
those depths are not.105 Due to the location of methane hydrates,
shallow within the seabed itself, it is expected that the development of methane hydrates would cause “significant impacts on
the sediment dwelling fauna.”106 Additionally, the energy levels
of the benthic oceans are generally much lower than upper levels
of the ocean, preventing effective removal of polluting debris.107
When methane seeps are located at 300m below the water’s
surface, and unless high velocities and large volumes are
involved, models suggest that ninety-eight percent of the seeped
methane could be absorbed by bacteria prior to reaching the
water’s surface, metabolized into carbon dioxide.108 Glasby provides a broad review of the recent literature and finds that both
modellers and field researchers agree that when methane needs
to transport through 300m or more of water then the probability
of any methane reaching the ocean’s surface is very minimal.109
When carbon dioxide increases its presence within the
water column, several problems are found. First, the acidity of
the water column is increased, causing stress to sea fauna.110
Second, there is a risk of an affected area becoming a “mortality sink,” wherein predators begin to prey off of the dead
and dying fauna, further decreasing population sustainability
within the zone.111 Potential effects on the broader food chain
are readily foreseeable.

Toxicity of Extraction Chemicals
A separate harm or damage can result from the extraction
technologies. When chemicals are injected into the deposit
to affect the dissolution of the hydrates, those chemicals are
often toxic to those life-forms living near the hydrates.112 Not
only do micro-fauna such as zooplanktons and micronektons
live near methane hydrates, but also macro-fauna such as tubeworms and mussels.113
Deepwater organisms already test positive for sea-borne
chemical pollutants.114 The types of chemicals used to aid in
hydrate dissolution are generally solvents and not water-soluble.
As such, they are the types of chemicals known to significantly
affect the zooplanktons and micronektons at the bottom of
the food chain. 115 Such chemicals often accumulate; they can
become concentrated at magnitudes higher levels within the
micro-fauna compared against the ambient water column within
which they reside.116 The problems of toxicity are not limited to
the micro-fauna, the food-chain presents toxicity in birds and
fish eaten by humans. 117 Those animals can carry toxicity levels
higher than health limits for human consumption, making them
effective poisonous to human diets. 118

Venting of methane to the atmosphere
A key result from the Glasby meta-study was the potential
for high-speed methane to reach the surface.119 A second, but
perhaps more rare exception, is when the widths of the seeps
are greater than the depth of the waters; in that case the methane
can reach the surface intact.120 Once such damages occur and
Sustainable Development Law & Policy

continuous methane venting was underway it might become
very difficult to cease such conditions.121

Mechanism of Venting to Atmosphere
Generally, it is agreed that the amount of methane that
would reach the atmosphere from seabed seepage is dependent
upon three factors:122 (i) the quantity and transfer rate of methane from the sediments to the water column, (ii) the volume
of methane which dissolves in the water column, and (iii) the
volume of methane which eventually escapes to the atmosphere.
The gas hydrate stability zones, wherein the deposits
accumulate, are fragile on both pressure and temperature vectors, “[a]ny change in temperature and pressure will cause it to
decompose ... .”123 A rapid release of substantially large amounts
of methane could result in near-term climate change. 124
The resulting behavior of the venting methane is to create a
chimney-like structure that connects the hydrate bed to the atmosphere above the ocean water, enabling a direct pipeline of methane ventilation.125 Such
accidental events have
already been witnessed.
An accidental chimney was formed on the
Pechora shelf; a drilling
attempt through a subsea
permafrost encountered
a hydrate layer. 126 The
resulting surge of free
methane created a gaswater fountain that rose
over a 100m through the
waters and shot into the air 10m above the drilling ship. 127
This perspective, when combined with an awareness that
the expected extraction techniques will focus on warming the
hydrates, on depressurizing the hydrates, and injecting chemicals which stimulate the disassociation of the hydrates, leads
to the conclusion that the extraction technologies must effect a
delicate balancing act to avoid triggering what could become a
deposit wide disassociation event and a massive release of methane and freshwater from the hydrate deposits. The extraction of
methane from methane hydrate deposits might always remain an
extremely hazardous activity even if otherwise desirable.

hypo-limnion or upper-level of the lake waters contains fiftyfour km3 of methane (CH4).132 That is the equivalent of fiftyfour billion cubic meters of methane or approximately two Tcf
of methane. The dissolved gases can be triggered for emission
by a variety of mechanisms such as seismic activity or downswelling cold waters from rain run-offs.133
These mazuku emissions have been known to kill both
livestock and humans.134 Even marine life has been impacted;
at the time of the emission from the lakes crawfish and crabs
were observed struggling to exit the lake and many fish were
found dead soon after.135 The resultant ambient methane levels
have been detected within the necessary concentrations to enable
air-borne combustion.136 There is essentially no escape for all
respirant life forms close to the lakes.137

Surface-level Nuisances
Additionally, there are concerns that a field of leaking
methane could cause buoyancy problems for waterborne craft.138
Indeed, it has been modelled and discussed that
certain conditions could
lead to a field of methane
hydrates disassociating
in such a manner that a
ship could lose its buoyancy and sink.139 Nonbuoyancy examples also
exist. Offshore oilrigs
and boats have been lost
when methane suddenly
erupted from below; the
boats became upended by the displaced water pushed by the
emerging methane.140
The resultant fizzy ocean waters, awash with gaseous methane, have been described in the literature as a ‘fluidized bed’ that
does not support routine notions of naval buoyancy.141

“The extraction of methane
from methane hydrates may
always remain an extremely
hazardous activity even if
otherwise desirable.”

Methane as Asphyxiant
Ambient methane is not toxic per se, but it is a simple
asphyxiant.128 Methane has no noticeable smell to humans; the
smell associated with natural gas in home cooking fuel has a
second class of chemicals added, mercaptans,129 that provide
that off-smelling stink to alert home owners to gas leaks. In an
industrial accident of unmodified methane, the offshore workers
would be challenged to evade an airborne poison that they cannot detect.
In the African nations of the Democratic Republic of Congo
and Rwanda, there are lakes that emit noxious but odourless
volumes of methane and carbon dioxide.130 This type of emission is called mazuku in Kiswahili.131 In Lake Kivu, e.g., the
Winter 2015

Methane and Anthropogenic Climate Change
Any discussion on the risks of developing methane hydrates
must include a discussion on the role of methane and climate
change. Methane is a known greenhouse gas.142 Methane has a
global warming potential index (“GWP”) 3.7 times stronger than
carbon dioxide by mole number and twenty times stronger than
carbon dioxide by mass weight.143 Emissions of methane are
generally seen as worse for accelerating anthropogenic climate
change than emissions of carbon dioxide.
While the probabilities of sudden massive venting events
from commercialized hydrate extraction events are difficult
to gauge given a lack of historical data, the geological record
strongly suggests that cataclysmic venting has occurred in prehistory and earlier periods: there are subsea craters that reflect
massive sudden blow-outs of methane.144 Up to one to five gigaton of carbon were released in those events, mostly in the form
of methane.145 Additionally, it is believed that massive venting
of methane hydrate deposits were instrumental in causing the
sudden global warming seen approximately 55.6 millions years
21

ago at the Latest Paleocene Thermal Maximum.146 During that
event, the temperature of the northern hemisphere increased six
to twelve C.147
The potential consequences of commercialized methane
hydrate extraction on climate change are substantial. Such concerns should be firmly and squarely addressed prior to the onset
of such developments.

Cataclysmic methane events
A cataclysmic event could see a large section of a hydrate
field lose its internal structure and shear off, causing the overlying mud layers to fall deep into the ocean. Such an event might
be correlated with earthquake-like impacts such as tsunamis.
The physical energy of the shear-off would likely enable massive
sudden venting of much of the reservoir’s methane directly to the
atmosphere. That methaneous eruption would also likely induce
surface combustion to a broad area so long as the methane continued to vent from the shaken depths. The impacts to any local
community of a tsunami that coincides with ambient combustion
would be horrific.
Some geological locations are safer than others. The
Beaufort Sea is seen as more likely to offer future landslide
under commercial development, whereas the hydrates in the
Gulf of Mexico may be more resilient to landslide events.148
However, even the safest areas are seen as capable of landslides
under sufficient conditions.149

Natural Cataclysmic Methane Events
There are numerous geological signs of earlier events that
began as methane hydrate deposit destabilizations that led to
landslides, tsunamis and earthquakes.
On the United States’ Atlantic shelf, over 200 slump scars
have been discovered; these are all believed to be methane
hydrate events.150 Additional slump scars have been identified off
the west coasts of Africa, in the fjords of British Columbia, and
in the Beaufort Sea offshore of Alaska’s northern coastline.151

Mechanisms of Cataclysmic Events
Generally speaking, offshore methane hydrate deposits
lay on inclined slopes, which are overlaid with mud.152 If the
hydrates start to disassociate and the methane is emitted, then
there will also be a great release of the previously integrated
waters.153 As the hydrate disappears, its shear strength disappearing along with the hydrate, and the structural integrity of the
overlaying mud will be lost.154 The release of the water volumes
will both physically lift and assist in the dissolution of the mud
bed.155 The result is that all of the mud and other overlaying
materials will begin to fall downwards under the tug of gravity,
causing a sub-sea landslide and surface level tsunami. 156
There are two known natural triggers, lowering sea levels,
which reduce pressure on the hydrates field-wide, and warmer
oceans, which heat up the hydrates field-wide. Commercial
hydrate development could also trigger events necessary for
deposit-wide disassociation followed by a landslide.157 The subsea disturbances categorized by Abe and the energies released to
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free the methane from the hydrates could all be instrumental in
initiating a cataclysmic event.158

Social Challenges to Sustainability
The listing of countries and territories exposed to the risks
of environmental harms posed by the commercial development
of methane hydrates draws a line under the idea that addressing these environmental challenges is a common and global
issue.159 The variety of nations, economic development, legal
institutions and institutional stability will all increase the regulatory challenges on balancing the interests of revenue seeking
groups versus groups seeking sustainable environmental safety
and comfort.

Differing Character of Legal Institutions
There are substantial differences in the stability and reliability of the legal institutions of the impacted areas.
First, the diversity of resource owners is stunning. Some
of the resource owners have advanced legal systems and stable
institutions whereas many other do not.160 In an almost perfect
inverse, the less legally developed locations are generally those
with the lowest per capita incomes and thus those most likely to
encourage the rapid deployment of methane hydrate production
in order to obtain revenues therefrom. Thus, without broader
regulatory efforts to divert initial investments into well-regulated
zones, there might be an initial surge of investment into those
areas least capable of regulating for environmental safety.
Second, the contrast of the small size of the methane hydrate
technology owners versus the very large size of resource owners means that without regulation the technology owners have
their pick of locations and resource owners. It would only be
rational for those technology owners cum Homines oeconomici
to seek out the lowest cost locations. Less stringent regulations
would generally be expected to be lower cost, as costs of both
precautionary measures and of accidents and harms could be
externalized away from the technology owner.161
A singular solution might not be the answer; rather, a portfolio of solutions might be sought. Based upon the variety of
legal systems and the quality of their institutions, different forms
of optimal regulation may be needed in different locations; the
optimal solutions may be dependent on local conditions. Such
a portfolio of solutions has been proposed to address the environmental hazards of methane hydrates, one that would complementarily implement rules of strict liability and provide public
and private regulations.162 Existing laws and conventions have
been found lacking when compared against these recommendations.163 But even those recommendations would need to be tailored to fit the local institutions within the jurisdictions wherein
the hydrates are located.

Transboundary Concerns
Many methane hydrate deposits stretch across multiple
national borders and EEZ borders. This will cause several problems. Primarily, it raises the general concerns of waste and
unitization to provide for multi-party balanced production and
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Table 4: Countries with Immediate Exposure to Hazards and Harms from Offshore Methane Hydrate Installations167

Region

Nations with Risk Exposure

Africa

Algeria, Angola, Benin, Cameroon, Congo, Côte d’Ivoire, Democratic Republic of the Congo, Egypt,
Equatorial Guinea, Eritrea, Gabon, the Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Liberia, Libya,
Madagascar, Mauritania, Morocco (including Western Sahara), Mozambique, Namibia, Nigeria, Sierra Leone,
Senegal, Somalia, South Africa, Tanzania, Togo, and Tunisia.

ASEAN

Brunei, Indonesia, Malaysia, the Philippines, and many of the smaller islands and nation states of Micronesia
and Polynesia.

South Asia

Bangladesh, Burma, India, and Pakistan.

East Asia

China, Japan, North Korea, Russia,168 South Korea, Taiwan, and Vietnam.

Europe

Albania, Denmark, Finland, France, Greece, Ireland, Italy, Montenegro, Norway, Portugal, Spain, Turkey, and
the U.K.

Middle East

Cyprus, Israel, Iraq, Iran, Kuwait, Lebanon, Oman, Saudi Arabia, Syria, and Yemen.

North America

Canada, Caribbean islands,169 Costa Rica, El Salvador, Guatemala, Mexico, Nicaragua, Panama, and the
United States.

South America

Argentina,170 Brazil, Chile, Columbia, Ecuador, French Guiana, Guyana, Peru, and Suriname.

ANZAC

Australia, including Tasmania, and New Zealand.

common regard for environmental safety within the unit of production. Transboundary solutions will need to be sought.
For example, North and South Korea’s methane hydrates
lay contiguous to each other in the East Sea.164 Should North
Korea decide to begin production of methane hydrates from
near a bordering reservoir, then South Korea might fear accelerated depletion of its own adjacent resources and decide to
try to match the extraction activity of the North Koreans.165
While this type of problem exists in ordinary oil and gas production, in that case it merely leads to overproduction, pressure
declines, and resource wastage. With methane hydrates, accelerated extraction and production could lead to structural failure
of the methane deposit, resulting in cataclysmic methane venting and potential landslides.166
Environmental considerations to reduce and abate foreseeable hazards may require ex ante diplomatic efforts to result
in coordinated extraction protocols. A coordinated extraction
protocol might be created by regulating how closely methane
hydrate wells might be located and how wells close to national
territories accommodate revenue sharing or volume tracking and
sharing. Perhaps a broader agreement could be reached amongst
the technology owners to self-monitor their environmental
safety standards even when local conditions and regulation do
not otherwise require such measures.
Perhaps ‘methane hydrate banking’ could be an option.
Owners of less safe deposit fields could receive revenue shares
from other safer hydrate fields in exchange for deferring the
exploitation of their own fields until they could be safely produced. When the deferred field eventually do go into production,
they could return revenue shares to the owners of those ‘safer’
fields produced earlier. Such an arrangement would provide
incentives to defer unsafe production and provide long run
income for those that financially support such safety plans.
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Uneven Economic and Industrial Capacities
There are differences in the economic and industrial
capacities of the impacted areas. Many of the areas within East
Asia, North America and Europe are technologically competent at advanced oil and gas extraction technologies and are
well experienced with operational problems generally. These
countries are likely to be able to manufacture their own methane hydrate infrastructure and maintain quality control processes in their implementation. Other areas will not be able to
self-provide such manufacturing, servicing, and maintenance
of methane hydrate facilities.
The potential impact is that one side of the list could selfcure its technology concerns whereas the other side would need
to seek external assistance or accept lower quality from local
sources. Essentially, one group can see the improvement costs
as a “multiplier” type benefit of methane hydrate investment but
the other group faces pure economic costs.
The existence of a strong technological asymmetry suggests
an equally asymmetrical responsibility for the consequences of
commercialization. One must ask a sequence of questions; does
the small number of technology owners pose problems? Will the
technology, especially as related to environmental safety, remain
in the control of a few parties? Are there ways to share the intellectual property of environment safety technologies that enable
broader safety levels? Will the small communities of researchers
and scientists be culture-blinded to more various safety concerns
of communities different from the researchers’ and scientists’
communities? And ultimately, could knowledge sharing be
ensured so that safety and policy decisions are made with best
available information?
As it is unlikely that most of the resource owners would
become methane hydrate technology owners, and similarly that
most of the impacted communities and their states would also
likely not become methane hydrate technology owners, the ability to actually build, operate, and sustain commercial operations
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of methane hydrate fields will likely remain in the hands of a few
nations and commercial operators without additional programs
to ameliorate that asymmetry.
There might be several solutions to this problem. One might
be to find a way to enable the resource owners to become joint
owners of the technology so that their profit seeking aligns with
the operators for sustained safety under agreed to governance
mechanisms. Another is to jointly address safety and resource
management policy concerns in conjunction with the technology
owners, with the impacted communities, and with the resource
owners as equals within a community of co-developers.

Haves and Have-Nots
The onset of commercialized methane hydrates would
potentially provide many nations with new energy and water
resources and provide for broad improvements to welfare.
However, for those without the new hydrate reserves, the chasm
between developed and undeveloped might widen without preventative policies to assist.
The commercial development of methane hydrates would
enable many more countries in the world to become energy selfsufficient. As seen, supra “Location of Methane Hydrates,” the
industrialized nations of China, Japan, and South Korea could
achieve energy sufficiency and be able to decrease expensive
energy imports. Similarly, the EU would find itself surrounded
by offshore methane hydrates and become able to reduce its reliance on natural gas imports from Russia. What energy supply
problems those industrialized countries might have previously
faced would be substantially altered by the commercialization
of offshore hydrates. Indeed, an infusion of reliable and local
energy supplies might provide for long-term economic growth
in those regions.
This new energy resource might enable many areas to
receive new streams of income, and thus affect global price
levels on a wide front of commodities, but those countries sans
hydrates would not be able to participate in the economy of
methane hydrate development. Not only would those countries
lack revenues from energy resources, but they would also lack
the industrial capacities to benefit from industrial and service
industry engagements with the emerging methane hydrate economies. They are likely to be wholly excluded from the new methane hydrate paradigm without exogenous intervention. Given the
expected distribution of offshore methane hydrates, land-locked
developing countries would be the hardest hit.
Another concern would be the impact on those areas reliant on crude oil and conventional gas revenues to sustain social
stability, such as Saudi Arabia or Qatar. If a substantial portion
of their current customers became energy producers and selfreliant, how might that affect stability in their regions?

Bifurcated Domestic Agendas on Development
While the communities most likely to be impacted by the
harms of methane hydrate development lay within the self-same
states in possession of the methane hydrate reserves, this is not
to say that the beneficiaries of methane hydrate development are
the same communities as those exposed to risks of harm within
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those states. In most cases they will be distinct and separate
communities despite their common nationalities.
A unique problem could be presented by many of the
developing countries that contain methane hydrates within their
waters. It is foreseeable that certain countries and resource owners might find that their ambient level of risk and harms exceeds
those posed by the development of methane hydrates. E.g.,
Namibia has faced severe droughts and severe economic underdevelopment; methane hydrates could provide much needed
revenues, energy supplies, and volumes of fresh water.171 The
needs of the nation at large might well outweigh the needs and
concerns of the coastal communities at risk.
There could be reasonable judgements made that the risks
of hydrates were lesser than the risks of not obtaining the revenues and resources obtainable therefrom. Ergo, rational actors
might opt for greater risk in the future to better provide for those
presently suffering; especially those political actors who might
not remain in power if short-term problems are not resolved
prior to near-term elections. In such cases, the traditional notions
of liability and regulation might be insufficient to provide optimal development of methane hydrate resources; again methane
hydrate banking might be a sustainable strategy.
The economic capacity of the actors who can afford to invest
in methane hydrate commercialization projects must be seen in
comparison against the economic capacity of the coastal communities likely to be invested in fishing and other forms of seaborn economies. A substantial inequality is present which could
prevent serious or substantial efforts to respond to the concerns
of the coastal communities. Additionally, if the nation becomes
dependent on revenues from methane hydrate development, then
those political processes that exist to address citizen concerns
might be out-balanced by strategic and public policy arguments
in otherwise democratic forums. The tension between governing
elites and impacted communities would need to be addressed to
enable sustainable development.
An important exception to the risk analysis of operators
and sovereigns is when the two parties are in fact a singular
body, when the operator benefits from sovereign immunity. The
case can be extended to those cases where a sovereign resource
owner might extend its immunity to private actors performing
at its behest, or when that sovereign resource owner might offer
indemnity or provide minimal safety regulations or liability
rules to ensure faster development of its resources. Such actors
may face perverse incentives to produce at risky levels as they
may perceive all or some portion of the eventual costs of the
hazards as externalities; they would be likely to choose activity levels higher than merited if those external costs were more
correctly included in development decisions. In such cases, the
bifurcation problem of impacted communities versus governing
elites would only be worsened.

Conclusion
Planning for the onset of commercial development of offshore methane hydrate resources should be done prior to that
development, not as a consequence of accidents following that
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development. Too often in the story of natural resource exploitation, the legal analysis lagged behind the story of development.
Sustainable development is not likely to happen by accident,
Epimetheus must be avoided.
Crude oil is no new industry, yet legal scholars found
themselves addressing deep-sea oil catastrophes after the BP
Macondo accident. Similarly, current legal debates on subsurface fracking technologies again lagged the onset of industrial
development. Given the potential of offshore methane hydrates
to engage in substantial and critical risks related to coastal communities, to the stability of the global climate, and to general
public welfare, forethought and due consideration to these risks
should occur now before such development begins.
The commercial development of offshore methane hydrates
contains much promise. It could enable many energy resourcelacking countries to become energy producers. It could provide
revenues, energy supplies, and fresh water resources to many
developing countries. It potentially could enable several green
energy alternatives. But such promises come with risks.
The risks attending the development of offshore methane
hydrates include risks to oceanic biota and subsequent hazards

to a greater food chain. They include the potential to unfurl large
volumes of methane and cause substantial anthropological damage with regards to climate change. They include the potential
for cataclysmic events such as offshore landslides, tsunamis, and
coastal inundations.
But the risks are not only environmental or physical
in character. There is also a wide range of social and political concerns that could be stimulated by the development of
offshore methane hydrates. There are political questions on
how to address the transboundary nature of methane hydrate
deposits and to provide for regional safety. There are questions
as to how to mitigate local incentives to exploit too early or to
exploit resources that might not be safely producible. There are
questions of how the new economics resulting from the massive shifts implied for the energy markets would raise certain
economies and leave others behind.
To be sustainable, to ensure that sustainable development
secures both physical and social solutions means that legal and
policy analysis must proceed and accompany industrial action;
Epimetheus must be avoided.
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